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Dept. of Chemistry, University of Michigan, Ann Arbor 
XANES is known to be very sensitive to the structural and electronic details 
of the absorbing site. In particular, several workers have noted the potential of 
XANES for elucidating the local three-dimensional structure of the iron sites in 
heme proteins [ 1,2]. In order to clarify the specific correlation between spectral 
features and molecular structure, we have measured polarized X-ray absorption 
spectra for a series of Fe porphyrins. 
An expansion of the 1s - 3d region for Fe( TPP)Fz]- is shown in Figure 
1. The isotropic spectrum shows a broad peak with some evidence that multiple 
unresolved transitions contribute to this peak. In contrast, the two in-plane spectra 
show relatively narrow peaks centered at energies which depend on orientation. In 
addition, there is a slight difference in energy between the peaks of the in-plane 
(e;, Fe - N) and the axial orientations. 
For the tet,ragonally compressed Fe porphyrin, the d orbital energies are: d,, < 
d zr,yr < d,2 c d,2 Y2. For a centrosymmetric complex, the transitions are 
governed predominantly by quadruple selection rules (31. When e is in the axial 
orientation, only the 1s + dzE,yL transitions will be observed. The 1s --t d,,, 
1s --) d,2_,2. 1s + dzr,yz transitions will be allowed, with the relative intensities 
of the 1s + d,, and 1s --) d,2_,2 transitions depending on the angle between e and 
the Fe-N bonds. Our results for high spin [Fe(TPP)Fz]- are consistent with this 
model. A low energy transition (7112.6 eV) is observed when e is parallel to one 
of the Fe-N bonds. We assign this transition as predominantly Is - d,,. For the 
orientation in which e bisects two Fe-N bonds, a higher energy transition is observed 
at 7114.5 eV (assigned as predominantly 1s - d, 2 _y 2, is observed. The axial 
spectrum, with a peak at cu. 7113 eV, is consistent with the expected transitions 
1s - dIZ,Yz. These data illustrate the potential of polarized measurements for 
simplifying the interpretation of XANES spectra. 
Figure 2a shows the in-plane polarized spectra of several 6 coordinate FE(III) 
porphyrins, and the Fig. 2b shows the corresponding axial spectra. The in-plane 
spectra for the 6 coordinate porphyrins are very similar to each other. This is rea- 
sonable since the structural variations in the porphyrin moiety are relatively minor. 
In contrast, there are significant differences between axial and in-plane spectra. For 
example, the intra-compound variation can be as large as 3-4 eV. This suggests 
that. at least for these systems, bond length plays a major role in determining the 
absorption edge energy. Similar conclusions were reached by Bianconi et al. on the 
basis of theoretical calculations 141. 
A careful examination of the in-plane spectra shows that the relative heights of 
the peaks in the 7160-7210 eV range vary from compound to compound. Given the 
polarization, it is reasonable to conclude that these changes are due to scattering 
from the porphyrin plane. A reasonable explanation for this result is that as the 
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Fig.1 (left): XANES spectra for [Fe(TPP)Fz:- 
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Dark: Isotropic; Dot-dash: eliz; Dotted, 
e/IFe - N; Light: e in FeN, plane, bisecting Fe - Ii’ bonds. 
Flg.2 (right): Polarized spectra for B-coordinate Fe(M) porphyrins. Dark: [Fe(OEP)(3 - 
ClPy)pClO~: Dot-Dash: [Fe(OEP)(THF)2]Cl04: Light solid: [Fe(OEP)(2- Melm)2]Clo~; Dot- 
ted Fe(TPP)F2]C104. A) In-plane polarized spectra. B) Axially polarized spectra. 
Fe-x* core expands, the interference between the low frequency N scattering and 
higher frequency C scattering changes. A generally similar conclusion was drawn 
by Chance et al.: who referred to these transitions as the “Ligand Field Indicator 
Region” (LFIR) 15 A n important of the study is exper- 
imental that transitions arise predominantly from 
within the prophyrin Since these were chosen have the in 
the of the porphyrin it is that these are not by 
the displacement. It been suggested these transitions 
be used general state-spin markers. data demonstrate while this 
be true selected high-spin/low spin comparisons. must be exercised 
powder spectra. Comparison of 2a,b shows the su- 
of and equatorial contributions can change ratio 
of “LFIR” peaks. 
summary, we that polarized measurements an im- 
technique for Fe porphyrin spectra. 
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